More than Fever: Thermoregulatory Responses to Immunological Stimulation and Consequences of Thermoregulatory Strategy on Innate Immunity in Gopher Tortoises (Gopherus polyphemus).
Organisms possess a range of thermoregulatory strategies that may vary in response to sickness, thereby driving important life-history consequences. Because the immune system is vital to maintaining organism function, understanding the suite of immune responses to infection indicates basic costs and benefits of physiological strategies. Here, we assessed consequences of thermoregulation and seasonality on immune function in both immunologically stimulated and nonstimulated gopher tortoises (Gopherus polyphemus). An ectothermic vertebrate was used as an experimental model because the effects of thermoregulation on immunity remain understudied and are of increasing importance in light of anthropogenic alterations to thermal environments. We found that G. polyphemus increased body temperature (Tb) at 1 h after injection with lipopolysaccharide (LPS) when compared with saline controls (P = 0.04), consistent with behavioral fever. LPS increased plasma bactericidal ability (BA; P = 0.006), reduced plasma iron concentration (P = 0.041), and increased heterophil∶lymphocyte ratios (P < 0.001). In nonstimulated animals, thermoregulatory strategy had a strong effect on innate immunity, which demonstrated that individuals have the ability to facultatively adjust immune function when infection burden is low; this relationship was not present in LPS-injected animals, which suggested that animals stimulated with LPS maximize bactericidal ability independently of temperature. Seasonal acclimation state did not influence responses to LPS, although baseline plasma iron was significantly lower in animals acclimated to winter. These results support that a trade-off exists between immunity and other conflicting physiological interests. Moreover, these results clearly demonstrate the ability of individuals to modulate immune function as a direct result of thermoregulatory decisions.